A recent study of the eastern North Atlantic detailed significant increases in the temperature and salinity of the Mediterranean Overflow Water (MOW) from 1950 to 2000. To examine the degree to which the source waters, which spill over the sill at the Strait of Gibraltar, could be responsible for these observations in the open Atlantic, a box model of water mass transformation by marginal seas was employed. Time series for the salinity of the inflowing North Atlantic surface waters, freshwater fluxes in the Mediterranean (evaporation and precipitation and river runoff), and the volumetric flow rates for the inflow and outflow across the Strait of Gibraltar were used to predict the salinity of the source waters to the North Atlantic from 1950 to 2000. Results from this calculation reveal that source water changes have minimal impact on MOW property changes on interannual and decadal time scales. It is suggested instead that circulation changes within the open Atlantic alter the advective-diffusive pathways of MOW such that property changes within the MOW reservoir are created.
Introduction
Surface waters of the eastern North Atlantic that flow into the Mediterranean Sea through the Strait of Gibraltar are subject to an excess of evaporation over precipitation in this enclosed sea, making them more saline and dense before they exit the strait and return to the North Atlantic. After exiting the strait, these return waters mix with the surrounding waters in the Gulf of Cadiz (Baringer and Price 1997) to produce a water mass known as Mediterranean Overflow Water (MOW). MOW flows into the eastern North Atlantic where it forms a warm and salty tongue that spreads generally westward across the subtropical basin (Lozier et al. 1995 and references therein) at a depth of approximately 1100 m. While several studies over the past few decades have illuminated the importance of MOW to the middepth property fields of the North Atlantic Basin (Worthington 1976; Armi and Bray 1982; Reid 1994; Iorga and Lozier 1999; Mauritzen et al. 2001) , others have extended this region of influence to include the Nordic Seas. It has been hypothesized that the high salt content of MOW directly or indirectly contributes to the preconditioning of the surface waters for deep convection (Reid 1979; McCartney and Mauritzen 2001; Candela 2001) . Furthermore, a recent study (Lozier and Stewart 2008) has shown that the penetration of MOW depends upon the spatial extent of the subpolar gyre into the northeastern basin, an extension that is climatically variable.
Significant changes in the temperature and salinity of the Mediterranean Overflow Water over the period 1950-2000 were revealed by Potter and Lozier (2004) : waters at the MOW core warmed by ;0.18C decade 21 and increased in salinity by ;0.03 psu decade
21
. While time series for these properties are shown in Potter and Lozier (2004) , the magnitude and spatial extent of the salinity change are illustrated by a plot showing the difference between the salinity averaged from 1950 to 1970 and the salinity averaged from 1980 to 2000 for waters that lie at the depth of the MOW core (Fig. 1) . The overlap between the area of increased salinity in the eastern North Atlantic (shaded red in Fig. 1 ) and the spatial extent of the MOW salt tongue lends credence to the supposition that the overflow waters are the source of the warming and salinification in the eastern North Atlantic. Also supportive of this supposition is the fact that the warming and salinification are maximized at the middepth salinity maximum (Potter and Lozier 2004 )-a characteristic signature of MOW.
In addition to MOW property changes in the eastern North Atlantic, several past studies have found significant decadal-scale changes in water mass properties within the Mediterranean Sea. In particular, and as detailed in the following section, a long-term warming and salinification of the deep and intermediate water masses that fill the basin has been noted. However, a direct link between the water mass changes within the Mediterranean Sea and those of MOW in the open Atlantic has only been suggested, not established. Testing the validity of this link is the goal of our study. Specifically, we address the degree to which MOW property changes can be accounted for by property changes of the waters exiting the Strait of Gibraltar, essentially the source waters for MOW. The focus of this paper is on the salinification of the MOW rather than on warming for two main reasons: First, the distinct contribution of MOW to the North Atlantic is via its strong salinity contribution, and, second, explanations for water mass changes within the Mediterranean Sea have primarily focused on freshwater forcing changes. A comparable analysis could be performed for the observed warming of the MOW; however, since Potter and Lozier (2004) found the warming and salinification changes to be density compensated, it is presumed that this study of salinification will shed light on the origin of the MOW warming as well.
Since there is no long-term record of the properties or transport of the waters flowing across the Strait of Gibraltar, we reconstruct a record of source water properties using historical hydrographic data from the eastern North Atlantic, surface flux data and river runoff data from the Mediterranean Sea, and the constraints of freshwater and salt conservation. Specifically, we utilize a box model of water mass transformation by marginal seas (Price and Yang 1998) to predict the expected change in the salinity of the overflow waters based on changes in the salinity of the North Atlantic inflow waters, surface forcing changes in the Mediterranean (evaporation and precipitation), estimates of river runoff variability, and, finally, estimates of volumetric changes for both the inflow and outflow across the Strait of Gibraltar. Further background is given in section 2, followed in section 3 by a discussion of the data and methods used. A discussion of the results is presented in section 4, with a summary in section 5.
Background
Over the past several decades, studies of temperature changes in the subtropical North Atlantic have found warming at the base of the thermocline (Roemmich and Wunsch 1984; Parrilla et al. 1994; Bryden et al. 1996; Joyce et al. 1999; Arbic and Owens 2001) , collocated with the depth of the salinity maximum (;1000-1200 m) associated with the MOW (Fig. 2a ). An investigation focused on changes in the properties of this water mass in the eastern North Atlantic (Potter and Lozier 2004) found density-compensated temperature and salinity increases of 0.1018C decade 21 and 0.0283 psu decade 21 , respectively, over the latter half of the twentieth century. This warming trend exceeds the average warming of the total North Atlantic Basin (0.068C between the mid-1950s and the mid-1990s) as reported by Levitus et al. (2000) . Increases in temperature (0.028C yr
21
) and salinity (0.005 psu yr 21 ) have also been observed at the depth of the MOW in the southeastern corner of the Bay of Biscay from repeat hydrographic sections from 1994 to (Gonzá lez-Pola et al. 2005 . A more recent study by Leadbetter et al. (2007) , however, has shown a FIG. 1. Salinity (psu) at the depth of the MOW core averaged over the period 1950-70 subtracted from the salinity averaged over the period 1980-2000 for each 18 3 18 horizontal bin in the layer from 1000 to 1250 m. Red indicates that salinity has increased from the former time period to the latter, while blue indicates a decrease. Gray indicates bins with no data.
reversal of the warming first noted by Roemmich and Wunsch (1984) : hydrographic sampling across 368N in 2005 revealed that the u-S relationship of the MOW during the 1950s-relatively cool and fresh-was reestablished by 2005. While the focus on this paper is on the warming and salinification over the period 1950-2000, this recent reversal will be discussed, and placed in context, in section 5. Other studies over the past decade have focused on water mass changes within the Mediterranean Sea and their possible causes. As reviewed in Potter and Lozier (2004) , there is general agreement that the salinity and temperature of Western Mediterranean Deep Water (WMDW) have significantly increased over the past several decades (Bethoux and Gentili 1999; Bethoux et al. 1990; Krahmann and Schott 1998; Leaman and Schott 1991; Rohling and Bryden 1992) . Long-term temperature (Bethoux and Gentili 1999) and salinity increases (Bethoux and Gentili 1999; Rohling and Bryden 1992) for the other principal contributor to the Fig. 3 ). Error bars represent 61 standard deviation. Missing values were interpolated and do not include error bars. Linear regression yields a slope of 0.0027 6 0.000 36 psu yr 21 for s o 5 27.7 and 0.000 36 6 0.000 516 psu yr overflow waters, Levantine Intermediate Water (LIW), have also been reported, though one study (Krahmann and Schott 1998) found no significant property trends for this water mass in the western Mediterranean Basin. A recent study (Rixen et al. 2005 ) that examines historical hydrographic data from the entire basin provides a much needed integrated picture of temperature and salinity changes in the Mediterranean Sea over the period . In this paper, the authors report volume mean temperature and salinity increases of 0.098-0.18C and 0.035-0.04 psu, respectively, over the 50-yr period, with the strongest trends in the western basin at the depths of the LIW and the WMDW. These property changes (0.028C decade 21 and 0.008 psu decade
) are relatively small compared to those noted for the MOW by Potter and Lozier (2004) , but are also small compared to the changes that would be predicted based on the long-term property changes of the water masses in the studies noted above. These changes, as reported by Potter and Lozier (2004) , yield increases of ;0.18C decade 21 and ;0.02 psu decade 21 , changes that are much more in line with those observed for the MOW. However, as argued by Potter and Lozier, a discrepancy remains since MOW changes are expected to be much less than source water changes due to the buffering provided by the ''reservoir'' of MOW in the eastern North Atlantic. Sufficient ambiguity surrounds the estimates of property changes in the Mediterranean Sea to justify a ''bypass'' of these estimates and to ask instead what source water changes would result from variability in the freshwater fluxes across the sea surface and/or runoff variability and/or changes in the exchange across the strait.
While the Rixen et al. (2005) study focused on changes in the heat content of the Mediterranean waters-finding that these changes can be explained by air-sea heat flux changes in concert with the North Atlantic Oscillation (NAO) index-our study is focused on salinity changes impacted by freshwater fluxes at the sea surface. Several past studies have shared this focus. In particular, Boukthir and Barnier (2000) noted that although strong evaporation over the Mediterranean Sea is the principal mechanism that gives the water its characteristic high salinity, the interannual variability of the freshwater air-sea flux is driven by changes in precipitation. From a study of interannual variability in the surface freshwater flux, these authors found that the freshwater deficit increased between 1979 and 1993 mainly due to a decrease in precipitation. Krahmann and Schott (1998) also reported that precipitation over the Mediterranean decreased 15% from the late 1950s to the early 1990s, but they noted its increase starting in 1995 due to variations in the Northern Hemisphere atmospheric circulation as measured by the NAO index. A study by Mariotti et al. (2002) also showed that precipitation changes are significantly correlated with the winter NAO index.
A change in river runoff has also been investigated as a potential agent for the observed changes in salinity: Krahmann and Schott (1998) cite the decreased runoff from the Spanish Ebro River as a cause for the salinification of the WMDW since the 1950s, while a modeling study by Skliris and Lascaratos (2004) is used to demonstrate that the damming of the Nile can explain about 45% of the salinity increase seen in the western Mediterranean over the last 40 yr. Bethoux and Gentili (1999) also attribute salinification trends in the eastern basin from 1990 to 1995 to decreased river runoff.
While the studies referenced above have attempted to explain observed changes in the properties of Mediterranean Sea water masses by accounting for changes in individual water masses that compose the deep waters of this enclosed basin, a recent study takes a decidedly novel tack by suggesting that property changes in the waters flowing out of the Mediterranean Sea are the result of a shift in the dominant water mass that contributes to this overflow. Millot et al. (2006) use a combination of CTD and moored data at the Camarinal Sill South from 1984 South from , 1985 South from , 1994 South from to 1996 South from , and 2003 South from to 2004 to show that the water exiting the sea in the 1980s and 1990s was mainly WMDW, but by the early 2000s, the majority originated in the eastern basin. The authors suggest that the observed property changes in the overflow waters (toward warmer and saltier waters) could be the result of a shift toward more eastern basin waters contributing to the outflow than in the past, rather than to changes in the individual water mass properties themselves. We return to this suggestion in section 4.
In sum, considerable attention has been paid to property changes within the Mediterranean Sea, but no clear link with the MOW changes has been established. In this study, we investigate that possible linkage by estimating 1) changes in the properties of the source water that flows out of the Strait of Gibraltar and then 2) determining the degree to which those source water changes can explain the observed property changes of MOW over the period 1950-2000.
Data and methods
To investigate the factors contributing to MOW salinity changes over the last 50 yr, our study was conducted in three parts. The first part is an investigation of the waters flowing into the Mediterranean from the eastern North Atlantic, the second focuses on changes to the freshwater balance within the Mediterranean Sea,
while the third is an analysis of a box model used to predict the salinity of the water exiting the Mediterranean, referred to as the source water. The data and methods for each of these components are described in this section. Central to each of these three components is the assumption that the Mediterranean Sea is a closed system save for its exchange with the North Atlantic at the Strait of Gibraltar and that the changing salt content of its outflow is attributable to inflow changes and/or runoff changes and/or the variability of the total freshwater fluxes at its surface. [Exchange across the Dardanelles is neglected since those volumetric fluxes are ;20 times smaller than the fluxes across the Straits of Gibraltar (Ü nlü ata et al. 1990) ].
a. Inflow from the North Atlantic
Ideally, an investigation of changes in the salinity of waters flowing into the Mediterranean Sea would use data collected at the Strait of Gibraltar; however, such data are too sparse to create a credible time series. Instead, we investigate the temporal change in salinity for waters in the near vicinity of the strait. Historical hydrographic data from Hydrobase 2.0 (Lozier et al. 1995; Curry 2001 ) for the years 1950-2005 were interpolated onto selected density surfaces over a spatial domain from 308 to 408N and 208 to 78W (Fig. 3) . A smaller domain (338-388N and 128-78W), extending from the Gulf of Cadiz, was also used in this study. The larger domain provides more observations, yet the smaller domain is more central to our area of interest. Quality control measures for the hydrographic data followed those outlined in Lozier et al. (1995) .
Using data from the smaller domain, plots of mean salinity and pressure as a function of density were created to locate the interface between the inflowing and outflowing waters at the Strait of Gibraltar. The transition between these two layers was determined to lie near s 0 5 27.0; thus, the three density surfaces of s 0 5 26.2, 26.5, and 26.8 were selected to investigate changes in salinity for the inflowing waters. Though an investigation of property changes on isopycnals rather than on surfaces of constant depth is preferable where the focus is on salinity changes due to water mass variations, salinity changes on constant depth surfaces were also explored.
Time series of salinity anomalies on the selected surfaces were calculated for both the smaller and larger study domains as follows: 1) mean salinities were calculated for each 18 3 18 grid of the study region from the climatological data described above, 2) gridded means were interpolated to the latitude and longitude of each station location, 3) the interpolated local means were subtracted from the observed salinity to produce a salinity anomaly at each station location, and 4) these salinity anomalies were annually binned and then averaged over the spatial domain to produce mean property anomalies for each year.
b. Freshwater fluxes within the Mediterranean
Monthly evaporation and precipitation data for the Mediterranean Sea were obtained from the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR; Kalnay et al. 1996) , the European Centre for Medium-Range Weather Forecasts (ECMWF; Gibson et al. 1997 ) and the da Silva Atlas of Surface Marine Data (da Silva et al. 1994) (Fig. 3) . The temporal spans for the datasets are 1950-2005, 1957-2002, and 1950-89 for the NCEP-NCAR, ECMWF, and da Silva datasets, respectively. [Precipitation data FIG. 3 . Data distribution within the study areas. Grid points within the Mediterranean Sea represent where monthly means of evaporation and precipitation were obtained using the NCEP-NCAR (red), ECMWF (blue), and da Silva (green) data. The study domain in the North Atlantic is filled with the station locations for the hydrographic data used to calculate the properties for the inflowing surface waters (s o 5 26.5) and the outflowing Mediterranean waters (s o 5 27.7). The red line shows the location of the cross section in Fig. 2a ), were calculated from the NCEP-NCAR data for each 1.88 3 1.88 bin, from the ECMWF data for each 2.58 3 2.58 bin, and from the da Silva data for each 18 3 18 bin. The differing resolutions of these datasets yielded 68, 37, and 243 grids over the study region for the NCEP-NCAR, ECMWF, and da Silva datasets, respectively.
The total freshwater volumetric transports (m 3 s 21 ) over the Mediterranean Basin due to evaporation (E), precipitation (P), and evaporation minus precipitation (E 2 P) were calculated by averaging the monthly fluxes in each bin and then summing those annual averages over the spatial domain, as shown here for E 2 P:
Here, M is the number of grid points in the spatial domain, N is the number of months (for the ECMWF data, N is days), A bin is the area of each bin, and r is the density of water. An estimate for the total river runoff into the Mediterranean Basin was obtained from Struglia et al. (2004) , who report an annual mean river discharge of 8.1 3 10 3 m 3 s 21 for the entire basin. The authors report, however, that this rate possibly underestimates the true value due to a lack of information on all rivers flowing into the Mediterranean; thus, they give an upper bound of 10.4 3 10 3 m 3 s 21 to account for such a possibility. A long-term time series of river runoff into the Mediterranean is unavailable due to a lack of consistent measurements. Though this precludes a direct comparison between changes in river runoff with changes in the MOW salinity anomalies, it appears unlikely that the former would induce the latter: volumetric river discharge rates are an order of magnitude smaller than E 2 P contributions and two orders of magnitude smaller than inflow-outflow estimates of the volumetric transports at the Strait of Gibraltar. However, since past studies (mentioned above) have demonstrated a link between river discharge changes and Mediterranean Sea water mass property changes, this possibility cannot be ruled out entirely at this point. We return to this issue in section 5.
c. Determination of source water salinity S 2
A time series for the salinity of the Mediterranean source waters (S 2 ) flowing across the Strait of Gibraltar into the open North Atlantic is estimated from a simple box model (Fig. 4 ) and a statement of the conservation of salt, where it has been assumed that the Mediterranean Sea's only source-sink of salt is via exchange with the North Atlantic waters through the Strait of Gibraltar:
where S 1 and r 1 are the salinity and density, respectively, of the inflowing waters; r 2 is the density of the outflowing waters; and Q 1 (Q 2 ) is the volumetric transport (m 3 s 21 ) of the inflowing (outflowing) waters. The inflowing and outflowing density (r 1 and r 2 , respectively) time series were calculated from the collection of hydrographic data over the larger study domain (Fig. 3) at 75 m for the inflowing water properties and at 1100 m for the outflowing water properties. Several pressure surfaces within 20 m of those selected for the inflowing and outflowing waters were also investigated, as were changes on surrounding isopycnals. Ideally, S 1 , r 1 , and r 2 in Eq. (2) would represent the values at the strait; however, as mentioned earlier, long-term time series for these variables are not available. The difference between the actual value at the strait and the estimated value (averaged over the study domain) is not expected to be of consequence for the inflowing salinity or density due to the uniformity of the surface waters in that region. There is, however, an expected difference between the density of the waters flowing out of the strait and the density of the MOW waters, but, for the purpose of the calculation in Eq. (2), this difference [see Table 1 in Price and O'Neil-Baringer (1994) for approximate values] is negligible, leading to a ,0.1% difference in S 2 . Hence, the calculation of S 2 with the r 2 time series is considered a valid approximation.
The volumetric transport for the outflow at the Strait of Gibraltar was estimated using Bryden and Kinder's (1991) formulation for maximal exchange at the strait:
where
0.141 is the coefficient of maximal exchange based on the dynamics and geometry of the strait, D s is the sill depth (284 m), and W s D s /2 is the cross-sectional area at the sill (3.16 3 10 6 m 2 ), approximated as a triangular section. See Bryden and Kinder (1991) for further details. Here, the use of the r 2 time series is considered more problematic because of the dependence of Q 2 on the difference r 1 2 r 2 . Judging by the estimates for r 2 at the strait in Price and O'Neil-Baringer (1994) , use of the MOW r 2 time series would lead to an underestimate of Q 2 of approximately 30%; however, as will be shown in section 4, our estimates agree fairly well with past estimates and observations. Furthermore, we note that an increase in Q 2 results in a decrease in S 2 [see Eq. (2)]. Basically, an increase in the volume flux is offset by the outflow of less salty waters, as dictated by the constraint of salt conservation; thus, the total amount of salt delivered to the open Atlantic is unaffected by this approximation. In short, we use the r 2 time series because it is available, acknowledge that we have potentially underestimated the outflow transport, and assume that the variability of the density of the waters flowing over the strait is captured by the MOW r 2 time series. This assumption will be revisited in section 4.
Given Q 2 (t), the volumetric transport of the inflowing waters was calculated based on the conservation of freshwater:
where E(t) 2 P(t) is determined from Eq. (1) and R is the estimate given by Struglia et al. (2004) for river runoff into the Mediterranean. Since there are insufficient data to construct a time series for this variable, it is assumed constant for our calculation. However, as explained in section 3f, we account for its uncertainty in the estimate of our errors.
d. Determination of product water salinity S p
Following the calculation of S 2 , the salinity of the product water (S p ), a mixture of the source water and the entrained North Atlantic waters, was calculated using Price and Yang's (1998) formulation:
where F is the fraction of entrained waters into the overflow. The salinity of the entrained waters (S e ) was kept constant for this calculation, 3 an assumption justified by the relatively small temporal changes in the open North Atlantic salinity at the depth of the Mediterranean tongue compared to the observed MOW changes. The value for F is given as 0.58 by Price and O'Neil-Baringer (1994) . Baringer and Price (1997) determined the ratio between MOW and North Atlantic FIG. 4 . Schematic of the box model used in this study. Surface waters of the eastern North Atlantic waters, with density r 1 and salinity S 1 , flow into the Mediterranean Sea at a volumetric rate Q 1 ; undergo property transformation due to evaporation E, precipitation P, and river runoff R; and then exit the Mediterranean Sea via the Strait of Gibraltar with density r 2 and salinity S 2 at a rate Q 2 . Upon entrainment of the surrounding waters, a product water with salinity S p is produced.
Central Water (NACW) to be 1:3 near the Strait of Gibraltar (F 5 0.75), while an earlier study (Zenk 1975) reported an entrainment rate of 32:68 in the Gulf of Cadiz. We initially use the lower end (F 5 0.58) of these estimates, but will vary F between 0 (an assumption of zero entrainment) and 1 (an assumption of zero overflow). A varying F allows for the uncertainty not only in the degree of entrainment, but also for some uncertainty in the salinity of the entrained waters. In other words, by varying F from 0 to 1, all possible values for S p should be comfortably bracketed.
e. Determination of reservoir water salinity S r Finally, changes in the salinity of the MOW residing within the ''reservoir'' (Daniault et al. 1994; Iorga and Lozier 1999) west of the strait (308-408N and 208-78W) were calculated. An estimate of the change in salt within a reservoir with a fixed volume (V r ) can be made from a statement of salt conservation:
where the subscripts i, o, and r denote the appropriate variables of salinity (S), density (r), and volumetric transport (Q) for the inflowing, outflowing, and reservoir waters, respectively, and Dt represents the period of time over which the change is calculated, here, 1 yr.
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Assuming 1) that there is no volumetric change for the reservoir (Q o 5 Q i ); 2) that density differences among the inflowing, outflowing, and reservoir waters are negligible (r i ' r r ' r o ); 3) that the reservoir is well mixed (S o ' S r ); and 4) that the inflowing volume transport and salinity equal the volume transport and salinity of the product waters (i.e., Q i 5 Q p and S i 5 S p ), Eq. (6) can be rearranged to calculate the salinity of the MOW reservoir water for year i 1 1 given the values for S r , S p , and Q p for year i:
Thus, S r for each year was calculated using the previous year's reservoir water salinity (for 1950, the mean observed salinity for s 0 5 27.7 was used), product water salinity S p , and volumetric transport of the product water Q p . As with S p [Eq. (6)], Q p was calculated using Price and Yang's (1998) formulation:
where, as above, F is the fraction of entrainment. For this study, Q p is assumed to be the volume transport of the product waters in the vicinity of Cape St. Vincent, at the exit of the Gulf of Cadiz. Past studies have estimated that entrainment processes within the Gulf of Cadiz produce a doubling or trebling of the overflow transport from the Strait of Gibraltar to Cape St. Vincent (Ambar and Howe 1979; Ochoa and Bray 1991; Baringer and Price 1997; Baringer and Price 1999) . With F set to 0.58, the transport increase is a factor of 2.4, within the range of previously reported estimates. As mentioned above, however, F will be varied to account for the uncertainty in the degree of entrainment.
The reservoir volume (V r 5 2.59 3 10 14 m 3 ) was calculated using the spatial domain shown in Fig. 3 and a thickness of 600 m, based on the thickness of the climatological mean salt tongue [700-1300 m; Iorga and Lozier (1999) ]. Uncertainty in the reservoir volume is accounted for by varying the thickness of the reservoir waters over a wide range , as will be detailed in section 4f.
f. Error estimates
Monte Carlo simulations were used to estimate the means and associated uncertainties for all estimated salinities (S 2 , S p , and S r ) and transports (Q 1 and Q 2 ). Specifically, a series of normally distributed pseudorandom values were generated for each of the observed variables (S 1 , r 1 , and r 2 ) from their annual means and standard deviations. Similar distributions were also produced for E, P, and R using standard deviations generated from the reported monthly means for the former two, and reported error estimates for the latter (see section 3b). Estimates of uncertainty were produced sequentially: to estimate the annual means and distribution for the time series of Q 2 , values were randomly selected from a normal distribution of r 1 and r 2 and input repeatedly into Eq. (3). This distribution of Q 2 , along with randomly generated values of E 2 P and R, were used in a Monte Carlo simulation to calculate the annual means and distributions of Q 1 using Eq. (4). Finally, the annual means and distributions for the source water salinity (S 2 ) were calculated using Eq. (2) and the distributions for all variables on the right-hand side of this equation. Means and distributions for S p and S r were similarly calculated. For all Monte Carlo simulations, convergence of the means required ;5000 iterations for each of the 50 yr. 4 Here, unlike in Eq. (2), we are allowing the salt content of the fixed-volume reservoir to change with time in response to a varying input. However, both the Mediterranean Sea salinity (S 2 ) and the MOW salinity (S r ) are allowed to vary with time. For the former, the salinity varies with time because the freshwater forcing (E, P, and R) varies with time, while for the latter the salinity varies with time because the salinity of the input waters varies with time.
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Results and discussion
As detailed in the previous section, S 2 can vary because of changes in the salinity and/or density of the inflowing waters, changes in the freshwater forcing of the Mediterranean Sea and/or changes in the volumetric exchange across the strait. Prior to the calculation of S 2 (section 4e), and subsequently S p and S r (section 4f), changes in the inflowing water properties (section 4a), in the Mediterranean Sea freshwater fluxes (sections 4b and c), and in the sill exchanges (section 4d) are examined.
a. Salinity change for the inflowing waters from the North Atlantic
Time series of salinity anomalies on density surfaces s 0 5 26.2, 26.5, and 26.8 were constructed over the domain 308-408N and 208-78W, as were time series at depths of 100 and 200 m-depths that intersect the s 0 5 26.5 through 26.8 density surfaces. A time series for a representative surface (s 0 5 26.5) is shown in Fig. 2c in order to compare to the salinity anomaly time series for MOW over the same spatial domain constructed by Potter and Lozier (2004) . No significant trend was extracted from this time series (0.000 36 6 0.000 516 psu yr We next turn to an investigation of long-term changes in the freshwater fluxes of the Mediterranean Sea in order to ascertain the possibility that MOW salinity increases are linked to such changes. Our investigation included an analysis of the freshwater flux changes averaged over the entire enclosed sea as well as the spatial variability of those changes. We report here primarily on the former as it is difficult to isolate that portion of the surface area where the waters exported to the open Atlantic are produced. Furthermore, this focus on the Mediterranean Sea as a whole is consistent with the view of this enclosed sea as a ''black box'' (Fig. 4) , where the exchange with the North Atlantic provides the only source and sink of salt (Price and Yang 1998 and section 3c). With this view, the total freshwater transport change across this basin is of interest.
Following the calculation outlined in section 3b, time series for E, P, and E 2 P were produced from the three datasets. As seen in Fig. 5a , NCEP-NCAR precipitation (blue line) displays a decreasing and significant trend over the time period from 1950 to 2006; however, the linear trend accounts for only 15% of the variance. Nonetheless, the decrease in precipitation over the basin is compatible with increasing salinity for the overflow waters over a comparable time period. NCEP-NCAR evaporation data show no overall trend (Fig. 5a, green line) , displaying instead a strong pattern of decadal variability marked by a strong decrease from 1965 to 1990. A calculation of E 2 P from the NCEP-NCAR dataset (red line) shows a positive and significant trend over the past 50 yr, a result that follows from the precipitation changes and one that would be compatible with the observed MOW changes.
A similar analysis using the ECMWF dataset (Fig. 5b ) reveals a decreasing and insignificant trend in precipitation (blue line) and a decreasing and significant trend in evaporation (green line): combined, these results yield a decreasing, yet insignificant trend in E 2 P (red line). Further complicating the issue, an analysis of the da Silva data (not shown) from 1950 to 1989 reveals a decreasing trend in E 2 P (2137 6 70 m 3 s 21 yr 21 ). The lack of agreement among these datasets is problematic, though not unexpected (Arpe and Roeckner 1999; Mariotti et al. 2002; Ganachaud and Wunsch 2003) . The NCEP-NCAR data display the only significant trend in E 2 P, and since that trend is positive, it remains possible that a strong decrease in precipitation over the Mediterranean over the last 50 yr has contributed to an increase in the salinity of the overflow waters. Though we expect an increasing trend in the overflow waters to result only with the use of NCEP-NCAR data, for completeness we employ all three datasets in the calculation of S 2 (section 4e).
Trends for each of the variables, E, P, and E 2 P, were evaluated for each grid element using the NCEP-NCAR dataset to determine the spatial uniformity of the trends noted above, as well as any seasonal variability. This investigation found the strongest decrease in P to occur in the western basin in winter, while the strongest increase in E occurs in the eastern basin in summer. The former result is consistent with the Mariotti et al. (2002) study since they noted that the decrease in winter P over the last 50 yr occurs north of 358N, where the majority of the western basin is located. Overall, however, there was a fairly strong spatial uniformity for these fields, such that the time series in Fig. 5 are representative of the basin as a whole and are not dominated by one particular area.
c. Evaluation of freshwater flux variability within the Mediterranean Sea
As suggested from an inspection of Fig. 5 , the variance in the Mediterranean freshwater fluxes is primarily attributable to strong decadal variability. Such variability is suspected to align with the decadal variability of the atmospheric forcing expressed by the NAO index, as reported previously by Mariotti et al. (2002) . To confirm such alignment, the P, E, and E 2 P time series ) over the entire Mediterranean Basin due to E (green), P (blue), and E 2 P (red) obtained from (a) NCEP-NCAR and (b) ECMWF data estimated from Eq. (1). Error estimates were calculated as described in section 3f. for P.
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for both the NCEP-NCAR and ECMWF datasets were correlated with the NAO index (Hurrell 1995) for the time periods shown in Table 1 , where only significant correlations are shown (p # 0.05). (The da Silva dataset was excluded from this calculation since it yielded no significant correlations for the precipitation and evaporation time series.) The annual E 2 P time series is not significantly correlated with the NAO index for either dataset. For the NCEP-NCAR dataset, this absence can be explained by an inspection of the correlations of the index with E and P for the seasonal constructions of the time series. In summer and winter, P and E are both negatively correlated with the NAO index; however, the correlation with P is strongest in the winter, while the correlation with E is strongest in the summer. Low (high) NAO years are characterized by greater (weaker) winter precipitation and greater (weaker) summer evaporation. Such effects negate each other in the consideration of the annual freshwater forcing (hence there is no significant correlation for the annual E 2 P time series), but E 2 P is negatively (positively) correlated with the NAO index for the summer (winter) time series due to the dominance of evaporation (precipitation). All correlations were improved with an application of a 3-yr running mean, at which point the NAO index is explaining ;50% of the variance in the E 2 P time series for summer and winter. An inspection of the correlations between the NAO index and the ECMWF dataset confirms a negative correlation with the annual and summer evaporation, the latter of which leads to a significant negative correlation with the summer E 2 P. Otherwise, no significant correlations were found. In light of these correlations, and within the context of our study, we suggest the possibility that saltier overflow waters are produced during high NAO years when precipitation decreases significantly during the winter months. (Our emphasis on winter months hinges on the expectation that the intermediate and deep water masses are formed during this season.) This suggestion echoes that of Krahmann and Schott (1998) and implies that the long-term trend in the MOW salinity could be the result of a general shift of the NAO index from predominantly low in the 1950s and 1960s to predominantly high in the 1980s and early 1990s. To qualitatively assess this possibility, the NCEP-NCAR E 2 P winter-mean time series was compared with the MOW salinity anomaly time series for s 0 5 27.7 shown in Fig. 2b . As seen in Fig. 6 , both time series show a general increase, yet their positive correlation is not strikingly large. The correlation between these two time series, 0.37, increases to 0.58 when the MOW time series is lagged behind the E 2 P time series by 2 yr (multiyear lags of up to 5 yr were calculated and the maximum correlation was found for 2 yr), yet the temporal scale at which the two time series should be correlated, given the fairly complicated and unknown pathway from the Mediterranean surface waters to the source waters at the Strait of Gibraltar, is not clear. Furthermore, there remains a possibility that the MOW anomalies are not a direct consequence of the E 2 P forcing over the Mediterranean Sea, but rather the two are correlated via their dependence on a third variable. We return to this possibility in section 4e.
In the end, the correlation between the E 2 P forcing over the Mediterranean Sea and the MOW salinity anomalies neither precludes nor supports the possibility raised earlier about the long-term linkage between the two. Such a possibility will be quantitatively assessed in the following sections.
d. Estimates of Q 1 and Q 2
An estimate of the time series for Q 2 , the outgoing volumetric flux, obtained using values of r 1 and r 2 from historical hydrographic data as input to Eq. (3), is shown in Fig. 7 (blue line) . No overall trend in Q 2 is found, as is expected since the time series for both r 1 and r 2 were absent a trend. There is a slight long-term trend in the estimate for Q 1 [red line, constructed from Eq. (4) using the above estimate of Q 2 and NCEP-NCAR data for E and P], indicating the influence of the freshwater forcing terms. This increase in Q 1 is required to balance the overall decrease in P within the basin over the study period. The offset between the estimates for Q 1 and Q 2 (;0.04 Sv, where Sv [ 10 6 m 3 s 21 ) is comparable to that predicted by the modeling results of Bryden and Kinder (1991) , shown by the horizontal dashed red (for Q 1 ) and blue (for Q 2 ) lines. Their estimates, however, for Q 1 (0.92 Sv) and for Q 2 (0.88 Sv) (calculated by setting E 2 P to 60 cm yr 21 , or equivalently 4.7 3 10 4 m 3 s 21 ) match our results only for the period of the early 1960s. Direct observational evidence for the volumetric exchanges across the sill is available for two time periods within our study period. From observations in 1985-86, Bryden and Kinder (1991) estimated that Q 1 5 0.95 Sv and that Q 2 5 0.79 Sv, the latter comparable to our estimate, but the former much larger. These estimates were later updated in 1997-98 by Tsimplis and Bryden (2000) to 0.78 Sv for Q 1 and 0.67 Sv for Q 2 , giving a difference between the inflow and outflow (0.12 Sv) that is 3 times greater than our estimate (0.04 Sv). A volumetric difference between the inflow and outflow of 0.12 Sv, however, is not supported by the freshwater flux data. As seen in Fig. 5 , the magnitude of E 2 P [which essentially sets the difference between the inflow and outflow per Eq. (4)] over the past several decades is bounded by 0.04-0.06 Sv. This discrepancy between the estimated and observed differences in volumetric rates is surely attributable to several factors, not the least of which is the different time scales of the direct measurements and the estimates, the latter being much longer than the former. Finally, it is noted that our estimate for Q 2 does not appear to be seriously degraded by the use of the MOW r 2 time series.
e. Estimates of S 2
Using the reconstructed time series of r 1 , r 2 , and S 1 , along with the estimated time series for Q 1 and Q 2 , a time series for S 2 , the salinity of the waters flowing out of the Strait of Gibraltar, was constructed using Eq. (2). The value of S 2 was calculated using all three datasets. In each of these three calculations, r 1 , r 2 , and S 1 remain the same, as do the estimates for R and Q 2 ; however, the estimates for Q 1 will vary according to the different input values for E and P.
The average salinity of the source waters (S 2 ) over the last 50 yr is 37.92 6 0.18 using this box model with NCEP-NCAR E 2 P estimates, which is comparable to FIG. 7 . Estimates of Q 1 (red) and Q 2 (blue) from Eqs. (4) and (3), respectively, using the NCEP-NCAR dataset and historical hydrographic data. Slopes
Years with no estimate, due to a lack of historical hydrographic data, are given interpolated estimates and are designated by a lack of error bars. The mean of Q 1 over the time period shown is 0.84 6 0.033 Sv. The mean for Q 2 is 0.80 6 0.031 Sv. Bryden and Kinder's (1991) the Bryden and Kinder (1991) estimate, but slightly lower than observations ranging from 38.32 to 38.46 psu (Bryden and Kinder 1991; Baringer and Price 1997; Millot et al. 2006) . The values estimated from the box model using E 2 P from the ECMWF and da Silva datasets make a favorable comparison with the observations (Figs. 8b and 8c ). As seen in Fig. 8 and as expected from the results of section 4b, the S 2 trends from the three datasets differ remarkably. When the NCEP-NCAR data are used, the source water salinity has an increasing trend (Fig. 8a) ; there is virtually no trend when ECMWF data are used (Fig. 8b) ; and a decreasing trend results from using the da Silva data (Fig. 8c) . The linear trend accounts for only 18% of the variance in the S 2 estimate using the NCEP-NCAR data; considerably less of the variance is explained by the linear fit to the ECMWF and da Silva data.
Clearly, only the NCEP-NCAR data produce a result that could explain the increasing salinification of the MOW. The estimated increase in S 2 (0.0037 6 0.0018 psu yr 21 ) exceeds the observed increase in the MOW salinity anomalies (0.0027 6 0.00036 psu yr
21
; Fig. 2b) by ;40%, but as mentioned earlier, the waters flowing across the sill are pure Mediterranean waters compared to the waters residing in the MOW reservoir and, as such, would be expected to have a larger increase. Correlations between the S 2 estimate and the MOW salinity anomalies on s 0 5 27.7 (not shown) are not significant, even when the MOW anomalies are lagged behind the source water salinity for up to 7 yr. This lack of correlation adds further weight to the possibility that the fairly weak correlation between the MOW salinity anomalies and the E 2 P forcing, reported in section 4c, is not causal. FIG. 8 . Box model estimates of source water salinity (S 2 ) using E 2 P data from the (a) NCEP-NCAR, (b) ECMWF, and (c) da Silva datasets. As in Fig. 7 , missing values were interpolated and do not include error bars. Linear fits yield 0.0037 6 0.0018 psu yr 21 for S 2 obtained using NCEP-NCAR data, 20.000 32 6 0.0028 psu yr 21 using ECMWF data, and 20.0074 6 0.0027 psu yr 21 using da Silva data. Averages (standard deviations) are 37.92 psu (0.18 psu) for NCEP-NCAR data, 38.22 psu (0.23 psu) for ECMWF data, and 38.03 (0.21 psu) for da Silva data.
The estimated increase for S 2 using the NCEP-NCAR data is twice as large as the increase estimated by Potter and Lozier (2004) for the source waters (based on reported literature values for specific water mass changes) and more than 5 times higher than the Rixen et al. (2005) estimate for the volume-averaged salinity change in the Mediterranean Basin (based on historical hydrographic data), suggesting 1) an overestimation of E 2 P changes in the NCEP-NCAR dataset, 2) that the source water property changes have been underestimated, and/or 3) that the marginal sea box model does not adequately capture the variability of the source waters. We return to these possibilities after an exploration of the product and reservoir water changes. For now, we note that if we are expecting source waters to significantly impact MOW variability, using S 2 calculated from the NCEP-NCAR data is clearly the bestcase scenario.
f. Estimates of S p and S r
The calculation of the product water salinity, S p [Eq. (5)], reveals a significant, but relatively small trend: 0.0015 6 0.0007 psu yr 21 . Such diminution of the S 2 trend is expected since the source water salinity is significantly diluted as it mixes with the more abundant NACW as it moves into the Gulf of Cadiz. A further diminution results when the reservoir salinity (S r ) trend is calculated from Eq. (6): 0.00024 6 0.00014 psu yr 21 . This, at last, is the trend that should be compared to the MOW salinity anomaly trend of 0.0027 6 0.00036 psu yr 21 . The comparison is not favorable-an order of magnitude difference-indicating that even when using the case that maximizes the source water salinification (i.e., S 2 calculated from the NCEP-NCAR data), the changes within the Mediterranean are not sufficient to explain the observed salinification of the MOW.
g. Back calculation of source water salinity and the freshwater fluxes
By starting with the freshwater fluxes of the Mediterranean Sea and working forward, we have provided an estimate for the salinity of the reservoir waters consistent with these fluxes and their uncertainty. It is instructive to ask how much the source water salinity and, by extension, the freshwater fluxes of the Mediterranean Sea would have had to change over the past 50 yr to produce the observed reservoir salinity changes. To answer this, we reverse our calculations: starting with the observed MOW salinity anomalies on s 0 5 27.7 (with the mean salinity on this surface added to the anomalies to obtain the reconstructed salinity), we calculate S p from Eq. (7), then S 2 from Eq. (5), Q 1 from Eq. (2), and then finally E 2 P from Eq. (4). The backcalculated S 2 and E 2 P time series are shown in Figs. 9a and 9b, respectively, accompanied by the forwardcalculated S 2 time series (from Fig. 8a ) and the E 2 P time series from the three datasets used in this study (two of the time series are shown in Fig. 5) . Clearly, the observed changes in MOW in the eastern North Atlantic Basin require much larger changes in S 2 than would be expected based on this box model study and much larger changes in the freshwater forcing (E 2 P) than are provided by the three datasets. The large swings indicate that interannual variability in MOW salinity is unlikely to result from interannual variability in the source water changes and, consequently, from changes in the freshwater forcing in the Mediterranean Sea. The interannual changes in MOW would require changes in the source water salinities that have, to date, not been observed, and would also require E 2 P changes that are far outside the uncertainty envelope for all three datasets (gray shading in Figs. 9a and 9b) . A cautionary note is added here: Eqs. (2) and (4) are formulated with the assumption that there is no net gain or loss of salt and volume, respectively, for each year of the time series. If this assumption is not valid, then the more relevant feature of Figs. 9a and 9b is the long-term trend, rather than the interannual variability, as discussed below.
If it is supposed instead that the interannual variability of the MOW property changes over the study period is a result of local processes (discussed in section 5), it is still valid to ask whether the long-term change over the 1950-2000 period could be attributed to source water changes. For this estimation, we have provided a low-pass filter of the back-calculated time series (blue line in Fig. 9 ). The trends for this back-calculated lowpass filtered time series are 0.014878 6 0.00372 psu yr 21 and 320.7567 6 82.0012 m 3 s 21 yr 21 , respectively, for S 2 and E 2 P; both of which are much larger than what would be realistically expected. The back-calculated slope for S 2 exceeds the trend shown in Fig. 8a by a factor of 4, and the back-calculated slope for E 2 P exceeds the trend shown in Fig. 5a (red line) by a factor of 3. In other words, to achieve the expected trend in MOW salinity from 1950 to 2000, the source water changes and the E 2 P changes would have had to have been many times larger than what is realistically expected. However, before the contribution of the source waters to the salinity changes in the open North Atlantic is ruled as negligible, two critical assumptions in our back calculation are next investigated.
An assessment of the impact of source water changes on the reservoir water changes hinges critically on two main assumptions: the size of the reservoir and the dilution of the source water properties as the source waters mix with the open Atlantic waters once they spill
over the Strait of Gibraltar-both factors that are far from certain. To account for this uncertainty, the back calculations of S 2 and E 2 P were repeated over a range of reservoir volumes and F values. The reservoir volume was varied by varying the thickness from 100 to 1000 m and the value of F was varied from 0 to 1 (Fig. 10) . The slopes (for the low-pass-filtered time series) for each of these back-calculated cases were then normalized by the forward-calculated slopes, as explained in the caption for Fig. 10 . Clearly, only when the thickness is significantly reduced and when F has values below 0.5 do we begin to approach scenarios where the MOW changes could potentially be explained by source water changes. However, even in this parameter range, the back-calculated slopes exceed the forward-calculated slope by a factor of 2.
Discussion and summary
Although-as discussed in Potter and Lozier (2004) the magnitude of the observed MOW changes from 1950 to 2000 appeared too large to be attributable to source water changes, the concentration of the observed salinification in the heart of the MOW tongue, and the FIG. 9 . (a) Time series of the back-calculated S 2 (red line) and its low-pass-filtered time series (blue line), compared to the S 2 estimates from Eq. (2) (black lines). The S 2 time series are the same as shown in Fig. 8a ; the standard deviations for these estimates are shown collectively by the gray envelope. (b) Time series of back-calculated E 2 P (red line) and its low-pass-filtered time series (blue line) compared to the E 2 P estimates from the NCEP-NCAR, ECMWF, and da Silva datasets (black lines), with the former two shown in Fig. 5 ; the standard deviations for these estimates are shown collectively by the gray envelope.
fact that the temperature and salinity changes are primarily along isopycnals, kept open a possible linkage between MOW changes and source water changes. The main purpose of this paper was to establish the viability of that linkage. Using a box model study of water mass transformation, we conclude that source water changes are highly unlikely to have produced the observed MOW changes over the studied 50-yr period. We have reached this conclusion despite the fact that at all turns in our study we maximized the possibility that the source waters contributed to the observed MOW variability.
In the course of this study, a number of simplifying assumptions were made. Notable among these are that the density of the outflowing waters at the strait was approximated by the density of the MOW reservoir waters, that changes in the source water salinity result from changes in the freshwater fluxes distributed over the entire enclosed sea, and that river discharge variability would have a negligible effect on MOW anomalies. As for the former assumption, the apparent underestimate is not manifest from a comparison with past estimates and observations. As noted earlier, this assumption does not change the amount of salt carried across the Strait of Gibraltar. Finally, the magnitude of the underestimate is too small to impact the conclusions of this study.
As for the second assumption, it is possible that the properties of the source waters that flow over the sill at the Strait of Gibraltar are not best defined by the collective freshwater forcing over the basin. Instead it may be that changes in individual water masses, formed locally, are a better indicator of the source water changes. Since estimates of changes in the individual water masses (Potter and Lozier 2004 and references therein), however, exceed the estimate herein from the collective freshwater forcing, we can safely conclude that changes in the properties of individual water masses are unlikely to have impacted MOW property changes over the observational period. Additionally, volume-averaged property changes could be considered a better indicator of the changing properties of the overflow waters; however, such an estimate (Rixen et al. 2005 ) is an order of magnitude smaller than the changes we have calculated based on the freshwater forcing changes. Finally, it may be that MOW property changes are simply a reflection of circulation changes within the Mediterranean that affect which water mass is exported across the strait, as suggested by Millot et al. (2006) . This study estimates an increase in salinity of 0.06 psu over two decades, leading to an approximate change of 0.003 psu yr
21
. This change is remarkably close to the 0.0037 psu yr 21 predicted from our box model study using the NCEP-NCAR freshwater forcing, suggesting that even a change in the dominant water mass spilling over the sill is insufficient to explain the MOW changes. Furthermore, an examination of Fig. 9b shows that the MOW changes, on a year to year basis, cannot be explained by a shift in the dominant water mass, just as they cannot be explained by changes in the properties of a single water mass or in the volume-averaged properties.
As for the third assumption, we note that the studies linking riverine input changes to Meditterranean Sea water mass changes have all produced salinity changes that are too small to be of consequence for the MOW changes. Additionally, the modeling study of Skliris and Lascaratos (2004) included an experiment where the Nile input to the Mediterranean Sea (;3% of the total riverine input to the Mediterranean) was completely shut off. The transition to steady state took 40 yr, with a final basin-averaged salinity increase of 0.038 psu, resulting in a trend of ;0.00095 psu yr
. Clearly, even this drastic change of complete cessation of the runoff from the Nile produces salinity changes that are too small to account for the MOW changes.
The conclusion of this study begs the question as to the underlying cause of the observed salinification of the MOW from 1950 to 2000. Since the changes are on isopycnal surfaces, local heaving of the isopycnals in the eastern basin of the North Atlantic cannot be considered an alternate mechanism. Though confirmation is left for another study, it is suggested here that circulation changes within the North Atlantic effectively modify the advective-diffusive pathways of MOW such that the salinity of the reservoir waters is impacted. Of particular interest is the Lozier and Stewart (2008) study of the variable northward penetration of MOW into the subpolar gyre. In this recent study, the authors show that the expansion and contraction of the eastern limb of the subpolar gyre, believed to be driven by wind-forcing changes, allows for the intermittent penetration of MOW. In this study, the authors show that over the period from 1950 to 2000 waters at intermediate depths in the Rockall Trough have generally cooled and become fresher, in response to a long-term expansion of the subpolar gyre as the NAO index progressed from generally negative to generally positive over the study period. Thus, it is suggested that the salinification of the MOW in the eastern subtropical basin is simply the flip side of the coin: as the subpolar gyre has expanded, blocking the northern penetration of MOW such that the eastern side of the subpolar gyre has freshened, the eastern side of the subtropical gyre has become saltier. A second examination of Fig. 1 reveals this contrast. Thus, it is suggested that the winddriven circulation alters the geometry of the advectivediffusive pattern of MOW, creating local property changes that obscure much smaller source water changes. As mentioned earlier, confirmation of this hypothesis is left for another study. One final note: changes in the preferred pathways for Meddies could also be impacted by wind-driven changes, a consideration that Lozier and Stewart (2008) did not investigate.
Within the context of the hypothesis that MOW property changes are primarily attributable to basin-scale circulation changes, the recent freshening of MOW along 368N is considered (Leadbetter et al. 2007) . From an inspection of Figs. 5a and 5b, it is clear that such a freshening would not be predicted based on recent freshwater forcing changes within the Mediterranean, further reinforcing the conclusions of this study. While tempting to attribute this observed freshening to advective-diffusive changes in the open Atlantic, a recent study (Cunningham et al. 2007 ) has revealed the danger of interpreting synoptic observations as indicators of longer-term changes; so we will refrain from such speculation. Further measurements in the eastern basin on the North Atlantic should prove interesting.
